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Abstract 
The NTSE has reemended since 1964 t h a t  shoul- 
der harnesses be required f o r  each occupant o f  gen- 
e r a l  av ia t i on  a i r c r a f t .  The FAA present ly requires 
a shoulder harness for each f r o n t  seat i n  c e r t a i n  
ncwly manufactured small afrplanes, but not for  
y-. other seat posi t ions.  This paper brings together 
technical  background and cur ren t  experience t o  
evaluate whether shoulder harnesses should be re -  
quired i n  rea r  seats. - s t a l l a t i o n  and use o f  shoulder harnesses i n  rea r  
seats o f  general av ia t i on  a i r c r a f t  would s i g n i f i -  
can t l y  increase occupant p ro tec t ion  and decrease 
the incidence of f a t a l  o r  d isab l ing  (paraplegic) 
spinal i n j u r i e s  i n  survivable crashes. 
-- 
It i s  concluded t h a t  i n -  
In t roduc t ion  
Shoulder harnesses have long been recognized as 
providing important occupant p ro tec t ion  i n  crash 
impact. However. recogn i t ion  o f  the po ten t l a l  
safety benef i ts  for rea r  seat occupants has not 
been as c l e a r l y  established. 
The technical question o f  whether shoulder har- 
nesses should be i n s t a l l e d  i n  rea r  as wel l  as f r o n t  
seats of general av ia t i on  a i r c r a f t  has general ly 
been presented from only  one viewpoint a t  a time, 
without a balanced consideration o f  a l l  o f  the en- 
virormental factors.  For 17 years the National 
Transportat ion Safety Board (NTSE) has recommended 
t h a t  shoulder harnesses be required for each occu- 
pant of a l l  general av ia t i on  a i r c r a f t .  I n  1977 the 
Federal Av ia t ion  Administrat ion (FAA) required a 
shoulder harness f o r  each f r o n t  seat i n  ce r ta in  
v 
(but not a l l )  small a i rp lanef manufactured under 
Part 23 since 18 Ju ly  1978. Shoulder harnesses 
are  not present ly required for other seat posi t ions,  
nor for any seat pos i t i on  for normal category a i r -  
c r a f t  manufactured p r i o r  t o  t h a t  date. The purpose 
o f  t h i s  paper 1s t o  br ing together cur ren t  exper- 
ience t o  evaluate whether shoulder harnesses should 
be required i n  rea r  seats of general av ia t i on  a i r -  
c r a f t .  
Develoiment and Operational Experience 
The need f o r  occupant shoulder r e s t r a i n t  pro- 
t ec t i on  i n  r e a r  seats i s  not a recent concept. A 
comprehensive review and evaluat ion o f  aerospace. 
a i r c ra f t ,  and automotife r e s t r a i n t  systems has been 
previously published, as wel l  as a survey o f  
automotive r e s t r a i n t  development. use and problems, 
analysis of  c i v i l  a i r c r a f t  r e s t r a i n t  systems. 4 and 
a comprehensive analysis of  FAA Safety standards 
r e l a t i v e  t o  general av ia t i on  (FAR CFR23) r e s t r a i n t  
systems. 5 Morgan has reviewed various types o f  
r e s t r a i n t  systems for general av ia t i on  a i r c r a f t .  
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Automotive Experience 
corporat ing adjustable cross-chest straps and l a p  
be l t .  as w e l l  as a hioh-backed seat f o r  each vehi-  
An integrated ful l -body r e s t r a i n t  system i n -  
~~ ~~~~~ ~~~ ~ ~ ~ ~~ . ~ ~~ .. . 
c l e  oc5upant. was devised by Leveau i n  France by 
1903. The double shoulder harness for both r e a r  
and f r o n t  seated passengers was anchored high i n t o  
the seat backs themselves (Fig. 1). O f f  and on 
through the years other automotive vehic les have 
featured shoulder harnesses f o r  rea r  passengers, 
but  these have g e n e r i l l y  been confined t o  concept 
o r  experimental vehicles, such as the New York 
Safety Sedan, b u i l t  by Republic Av ia t ion  D iv i s ion  
of Fa i r ch i l d -H i l l e r  Corporation. 8 An a i r c r a f t -  
s t y l e  upper to rso  webbing harness cons is t ing  o f  an 
" X "  conf igura t ion  was attached t o  two a i r c r a f t  2 G 
i n e r t i a  ree l s  attached t o  the head support, and 
e i the r  one or both shoulder b e l t s  could be used i n  
conjunction w i th  the l a p  b e l t .  Seats incorporat ing 
shoulder harnesses included the Cox seat from Eng- 
land, featur ing f u l l  double-shoulder re t rac tab le  
harness i n  one version and a s ing le  diagonal shoul- 
der and l a p  b e l t  combination i n  another, 9 the t i b -  
e r t y  Mutual seat, 10 and var ious prototype vehic les 
o f  the automotive manufacturers. 
Fig. 1 - Ear ly  integrated shoulder r e s t r a i n t  system 
conceived and patented by Leveau o f  France 
I n  1903 f o r  both f r o n t  and rea r  seat 
occupants. 
The shoulder harness has been i n s t a l l e d  as stan- 
dard equipnent s ince a t  l e a s t  1959 i n  automobiles, 
when Volva introduced i t s  3-point  sa fe ty  b e l t  ( l ap  
b e l t  and upper to rso  diagonal b e l t )  i n  Scandinavia. 
The 3-point system has been ava i lab le  f o r  the rear  
seats of Volvos since 1964, and was 
equipnent i n  a l l  Volvos since T967. Tf Daimler- 
Eenz (Mercedes) has o f fe red  3-point  lap-shoulder 
r e s t r a i n t s  f o r  the rea r  seats o f  i t s  automobiles 
since 1967, making 3-point b e l t s  i n  the rear  seats 
standard equipment i n  the U.S. and Canada i n  1972.12 
Federal Motor veh ic le  requlrements i n  Sweden, 
Germany, France, and Switzerland present ly requ i re  
manufacturers t o  i n s t a l l  seat b e l t s  i n  the rea r  
seats. 11-13 I n  Germany, France. and Switzerland 
de standard 
1 
e i t h e r  l a p  b e l t s  or 3-point shoulder harnesses are 
required, and are used on a voluntary basis i n  
Ausrra l ia .  I n  Sweden the  3-point shoulder harness 
i s  requi red f o r  outboard seating pos i t ions w i t h  
re t rac to rs ,  and l a p  b e l t  for  the  cent ra l  seating 
p o s i t i o n  w i t h  o r  without re t rac to rs .  
t o  Volvo. Daimler-Benz. Mercedes, and BMW vehicles, 
Renault and Toyota have shoulder harnesses I n s t a l -  
l e d  for  rear  occupants on some models i n  c e r t a i n  
markets, as wel l  as those countr ies where seat 
b e l t s  are l e g a l l y  required. Anchorages f o r  rear-  
seat shoulder harnesses have been provided i n  a l l  
cars manufactured far sa le  i n  the U.S. since Janu- 
a r y  1, 1972, as requ i  ed be Federal Motor Vehicle 
Safety Standard 210. y6 
I n  add i t ion  
Johannessen and P i l a r s k i  have recent ly  reviewed 
rear  seat occupant p ro tec t ion  i n  motor vehicles. 
They c i t e  various surveys and studies which have 
found t h a t  there  i s  a rear-seat occupancy of 10.3 
t o  11.7%. and t h a t  rear-seat occupants comprised 
pgar ly  one-third (29.5%) o f  the  veh ic le  passengers, 
w i t h  a t rend f o r  increasing numbers o f  rear-  
seat passengers. I n  automobiles rear-seat occu- 
pants appear t o  be i n j u r e d  less  f requent ly than 
front-seat occupants (32.4% vs 19.6% escaping i n -  
j u r y  i n  the  crashes studied), and when i n j u r y  oc- 
curs a re  less  everely in ju red  i n  the  rear  than 
front seats. '' Simi lar ly ,  a higher percentage o f  
f a t a l l t l e s  fo r  front-seated occupants was found 
(2.2% vs 5.5%). These authors a t t r i b u t e d  the  d i f -  
ference i n  apparent safety between f ron t  and r e a r  
automotive passengers t o  the fact  t h a t  near ly  45% 
of the  r e a r  passengers were chi ldren, who are less  
prone t o  i n j u r y  a t  a l l  l e v e l s  than are adul ts .  I n -  
fant and c h i l d  p ro tec t ion  has been increasingly re -  
cognized, with many s tates and countr ies now having 
c h i l d  r e s t r a i n t  laws. When used i n  the  rear  seat 
most such devices provide some form of upper-torso 
r e s t r a i n t .  
I n  the  past, rear-occupant shoulder r e s t r a i n t s  
have mainly been ava i lab le  i n  the  U S .  i n  fo re ign  
vehicles such as the Volvo, Mercedes. or BMW im- 
ports. However, i n  1980 General Motors made rear- 
seat upper-torso r e s t r a i n t  an op t ion  f o r  1981 mod- 
els, and rear-seat lap/shoulder b e l t s  a re  standard 
I n  the 1981 Renault 181, 1981 Toyota Cressida and 
Mercedes (Fig. 2 ) .  
General Av ia t ion  A i r c r a f t  Experience 
Beech A i r c r a f t  Corporation pioneered the shoul- 
der harness f o r  l i g h t  a i r c r a f t  i n  1948, conducting 
t e s t s  t o  20.4 G i n  a ser ies of 35 experimental 
dynamic t e s t s  i n  1951 t14 iz ing  a 97.9 Kg (216 
l b )  CM dummy '"Elmer":1Y- The Beech double 
shoulder harness was patented i n  November 951, 
fo l lowing app l ica t ion  i n  September 1950. 2b The 
l i fe-sav ing pro tec t ion  i n  the  f i r s t  crash w i t h  
occupants u t i l i z i n g  t h i s  harness was described I n  
a subsequent Beech publ icat ion.  21 By 1950 several 
l i g h t  a i r c r a f t  offered shaulder harnesses. The 
Griswold-Air Associates shoulder harness was in- 
s t a l l e d  between 1951-1952 i n  a number of i n d i v i d -  
ua l  a i r c r a f t .  inc lud ing  a Cessna 140. 170, and 190. 
Globe S w i f t ,  Navlon. Beech Twin-Bonanza, Beech 
Model 18.2ppduster.  Helioplane. Airphibian. and 
Aerocar. 
vided a 4275 1 b combination three-point "must be 
worn" type r e s t r a i n t  as standard equipnent. 
1953 the  Helioplane Courier provided a double 
upper-shoulder harness f o r  r e a r  seat passengers, 
By 1953 the  two-place Meyers 145 pro- 
In 
Fig. 2 - Rear-seat shoulder r e s t r a i n t s  have been 
ava i lab le  f o r  the  automotive customer 
since 1964. The anthropomorphic model 
above i s  i l l u s t r a t i n g  the fit i n  the rear  
seat o f  a Mercedes sedan. 
Mercedes-Benz of North America, Inc.) 
attached t o  the top o f  the  seat back. This l n s t a l -  
l a t i o n  i s  shown for the f i r s t  production model 
( s e r i a l  XOO1) i n  Fig. 3, and i s  s t i l l  i n  use. Fig. 
4 shows a modif ied version, inc lud ing  higher seat 
back, i n  a cur ren t  production model o f  the  He l io  
Courier. Rear shoulder harnesses have been stan- 
dard equipnent i n  t h i s  general a v i a t i o n  a i r c r a f t  
for 27 years. 
Upper to rso  r e s t r a i n t s  have been i n s t a l l e d  i n  
l i g h t  a i r c r a f t  used for f l i g h t  t r a i n i n g  by the  
Department o f  Aviat ion, Ohio State Univers i ty ,  con- 
t inuous ly  since 1948, when double shoulder har- 




Fig. 3 - Origin81 rear-s ses in- 
s t a l l e d  i n  1954 Helioplane Courier a i r -  
craf t ,  s e r i a l  no.OO1, s t i l l  f l y i n g  a f t e r  
27 years operation. (Photo courtesy P. 
Ouffy, Wycliffe Jungle Av iat ion and Radio 
Service) 
J 
Fig. 4 - Rear-seat shoulder harness installation i n  
current model of Hello Courier aircraft, 
featuring upper beTt attachment t o  s ide  
s t ruc ture  ra ther  than the sea t ,  and w i t h  
high backed sea ts .  The l e f t  rear  s ea t  
bazk i s  flexed forward t o  show the upper 
a t t a c h e n t  point. 
s t a l l a t ions  were w i t h  FAA f i e l d  approval, a l though,  
except for harnesses used i n  Beech a i r c r a f t  i n  1969. 
no manufacturer was able t o  provide upper-torso 
restraint sa t i s fac tory  t o  the  operators. Many of 
the t ra in ing  a i r c r a f t  used during th i s  period had 
front sea ts  only. However, s ince  1974, when 15 
Plper PA-28 Cherokees were obtained, a l l  four sea t s  
have had shoulder harnesses ins ta l led  (dealer i n -  
s t a l l ed ,  FAA f i e ld .  approval). 23 
Accurate information on the da te  of or ig in ,  
type, development. s n d ~ a v a i l a b i l i t y  of r e s t r a in t  
systems i n  general aQiiation aircraft has always 
been confusing (even t o  the  manufacturer) and d i f -  
f i c u l t  t o  assess, because of conf l ic t s  i n  Infor- 
mation re l ied  upon by ma,nufacturert,suppliers. and 
custcmers. An a t tenpt , . to  rovide a general list- 
ing was published in.1977, 3 and more recently this 
l i s t  was reprinted a s  Appendix D by the NTSB. 24 
Vet exceptions are .  continually noted, par t icu lar ly  
where shoulder harness in s t a l l a t ion  k i t s  have been 
available from ,$he manufacturer but this fact has 
n o t  been known by many dealers or cus tmers .  
L' 
. . . .  . . 
. .  
Fig. 5 - This  r i gh t  rear  s ea t  occupant i s  wearing a 
Cessna 1776 Cardinal shoulder harness 
factory ins ta l led  a s  optional equipment 
i n  Decunber 1970. 
t 
According t o  a recent Aviation Consumer survey, 
rear Seat shoulder harnesses have been standard i n  
a l l  sea ts  (except rear-facing) of Beech a i r c r a f t  
since 1976, have been available as an opt ion i n  
Cessna atrcraft since 1977, and as of July 1980, 
were reportedly n o t  availsbl i n  a i r c r a f t  manufac- 
tured by Piper Aircraft  Co. $5 However, i n  contrast  
t o  the dates c i t ed  above for ava i l ab i l i t y  o f  rear- 
s ea t  shoulder harnesses i n  C e w a  a i r c r a f t ,  a Dec- 
ember 1970 optional factory installation i n  a 1971 
model 177 Cardinal was available.  I t  i s  i l l u s t r a t ed  
i n  Fig. 5. The f ront  s ea t  shoulder harnesses were 
standard i n  this model. The optional rear-seat 
shoulder harnesses are attached adjacent t o  the  
lower corners of the rear window. Each rear-seat 
harness i s  stowed behind a retaining c l i p  located 
a t  the bottom edge of the  a f t  s ide  window. Simi- 
l a r l y ,  while rear-seat shoulder harnesses w e re- 
portedly not  ava i lab le  for Piper a i r c r a f t ,  % an 
in s t a l l a t ion  k i t  was designed by Piper engineers 
i n  1.965 and was ava i lab le  as an option i n  1967 for 
the  front seat of the  PA-28-140, PA-28-150-160-180 
Cherokee S i x .  26 A 1971 FAA report  notes t h a t  
Cessna has had n u t  p la tes  fo r  "easy a t t a c h e n t "  of 
shoulder harness ( i n  the  f ront  s ea t s )  i n  mos o 
t h e l r  general aviation a i r c r a f t  s ince  1950. i7& 
Among other current general aviation a i r c r a f t  t h a t  
may have shoulder restraint fo r  rear sea t  occupants 
i s  the Grumnan American AA5A *Cheetah," s ince  a t  
l e a s t  1976 (Flg. 6). 
Fig. 6 - Right rear  passenger shoulder harness i n  
1976 Grunmn h e r i c a n  AASA. 
Often where rear  shoulder restraint has been 
provided, i t  may be standard i n  one model but 
optional i n  another. For example. the purchaser of 
a 1971 North k e r i c a n  Rockwell Aero Cmander  112 
or 111 model would have had a choice of th ree  i n -  
terior options. The "Super Sport interior" Includ- 
ed a shoulder strap w i t h  inertia ree l  and lock 
standard on a l l  four seats. The "sport interior," 
on the other hand, was equipped w i t h  a shoulder 
harness w i t h  Ine r t i a  reel  and lock as standard a t  
crew s ta t ions  (front s ea t s ) ,  and optional manual on 
3 
the  two r e a r  seats. I n e r t i a  r e e l  and l o c k  was an 
o p t i o n  on t h i s  l a t t e r  i n t e r i o r .  The rear-seat 
shoulder s t  p was i n t e g r a l  t o  the seat i t s e l f  I n  
t h i s  case. 5! 
Shoulder r e s t r a i n t  p ro tec t ion  t o  rear-seated 
passengers has t o  date u s u a l l y  been ava i lab le  on ly  
through a special i n s t a l l a t i o n  by the operator. 
Fig. 7 and Fig. 8 show such an i n s t a l l a t i o n  i n  a 
rear  passenger seat o f  a corporate a i r c r a f t .  
Fig. 7 - Rear passenger p u t t i n g  on shoulder harness 
i n s t a l l e d  i n  corporate a i r c r a f t .  Outboard 
shoulder s t rap  r e t r a c t s  i n t o  seat back w i t h  
i n e r t i a  ree l .  
A i r  Transportat ion Department, Chrysler 
Corporation ) 
(PhUto courtesy G. Lef ler ,  
Fig. 8 - Shoulder r e s t r a i n t  I s  attached t o  the l a p  
b e l t  i n  t h i s  s y s t m  near the  buckle a t  
midl ine. (Photo courtesy G. Lef ler ,  
A i r  Transportat ion Department, 
Chrysler Corporation) 
Regulatory Background 
In June 1961 a Beech Bonanza crash occurred i n  
which the lap-belted p i l o t  received fa ta l  head in-  
j u r i e s  and crushing i n j u r i e s  o f  the  chest from 
h i t t i n g  the  cont ro l  yoke. and the  r i g h t  f r o n t  pas- 
senger received c r i t i c a l  i n  u r i e s  from jackkni f ing 
i n t o  the instrument panel. JO These i n j u r i e s  were 
a t t r i b u t e d  by the CAB t o  lack  o f  shoulder harness 
i n s t a l l a t i o n . *  In  November 1964, the CAE recom- 
mended t o  the  FAA that a shoulder harness be r e -  
quired for each occupant on a l l  newly c e r t i f i e d  
general a v i a t i o n  a i r c r a f t ,  unless i t  can be demon- 
s t ra ted  t h a t  whi le  wearing on ly  a seat b e l t  no i n -  
j u r i o u  objects  are w i t h i n  s t r i k i n g  rad ius of the 
head. j1 The FAA responded, i n  March 1965. t h a t  
there was not  s u f f i c i e n t  j u s t i f i c a t i o n .  32 
i j  
Subsequent f a t a l  crashes i n  1962 and 1963 had 
l e d  t o  the CAB ' 5  recommending t o  FAA t h a t  shoulder 
harnesses (and crash helmet) a lso  be requi red for  
each occupant engaged i n  hazardous f l i g h t ,  and a lso 
t h a t  FAA issue a series o f  advisory b u l l e t i n s  t o  
a l l  p i l o t s ,  s t ress ing t h e  d e s i r a b i l i t y  o f  using 
shoulder harnesses as standard pract ice.  33 The 
f i r s t  crash involved a Piper PA-18 (tandem seating) 
a i r c r a f t  dur ing a State F ish and Game E lk  count 
mission. Both the l a p  b e l t s  and cabin i t s e l f  re -  
mained i n t a c t ,  but both the f r o n t  seat p i l o t  and 
rear  seat passenger received fa ta l  head i n j u r i e s .  
No shoulder harnesses were ins ta l led .  In  another 
Piper PA-18 crash, the  p i l o t  received fa ta l  head 
in ju r fes ,  whi le  again the  cabin area was near ly  
i n t a c t .  In t h i s  case t h e  shoulder harness was not  
being used. 
In August 1970 the NTSB again recommended t h a t  
the FAA reevaluate i t s  w s i t i o n  and r e w i r e  shoulder 
harnesses on a l l  generai a v i a t i o n  a i r c r a f t  a t  the 
e a r l i e s t  p rac t ica l  date. 34 Cited were the  r ports 
"Crash Safety i n  General Av iat ion A i r c r a f t "  3g pro- 
vided t o  the FAA i n  a p e t i t i o n  by Ralph Nader, and 
an FAA d r a f t  research r e m r t  ("Senera1 Aviat ion 
J 
Structures Direc y Respbnsibie f o r  Trauma i n  Crash 
Decelerations") jA by John Swearingen, Chief o f  
FAA's Protect ion and Surv iva l  Laboratories. Other 
studies i n  support o f  the NTSB p o s i t i o n  included 
1969 FAA dynamic crash t e s t s  of shoulder harnesses 
a t  the  National Av iat ion F a c i l i t i e s  Experimental 
Center (NAFEC), 36 and data from the  U.S. Army 
"Crash Survival Design Guide," 37 f i r s t  published 
i n  1967. 
dicated t h a t  add i t iona l  rules proposals and a nozgce 
o f  proposed r u l e  making (NPRM) was i n  progress. 
(The FAA conducted fur  her dynamic shoulder harness 
requested a progress r e p o h  on the FAA's efforts.40 
I n  November 1972, the FAA responded t h a t  i t  expected 
t o  issue a NPRM t h a t  would requ i re  the i n s t a l l a t i o n  
o f  shoulder harnesses "on ai rp lanes i n  serv ice t h a t  
have s t ruc tu ra l  attachment provisions for  harnesses, 
and, a f t e r  a c e r t a i n  date, on newly manufactured 
airplanes." 41 
The FAA published a NPRM "Crashworthiness f o r  
Small Airplanes" i n  the  Federal Register 31 January 
1973 42.  I t  proposed amending Part 23 o f  the  Fed- 
e ra l  Av iat ion Regulations (FAR'S) t o  requ i re  each 
occupant be protected from head i n j u r y  by the i n -  
s t a l l a t i o n  of a combination safety  b e l t  and shoul- 
der harness, and t h a t  cabin i n t e r i o r s  be designed 
t o  p ro tec t  occupants from i n j u r y .  Part 91 would be 
The FAA's response i n  September 1970 i n -  
crash t e s t s  i n  1971.) s 9 I n  October 1972 the  NTSB 
L. 
* I ron ica l l y ,  Beech had been a leader i n  i n s t a l l i n g  J 
25 g shoulder harnesses i n  the Bonanza aftes-$on- 
duct ing a series of dynamic t e s t s  i n  1951; but 
removed than as standard equiunent, becoming o p t i -  
onal i n  1958, and discontinued from 1959 t o  1972. 
P 
amended t o  requ i re  the i n s t a l l a t i o n  of  shoulder 
harnesses on a l l  small c i v i l  a i rp lanes manufactured 
p r i o r  t o  t h a t  date if they have s t ruc tu ra l  provis-  
ions for  the attachment o f  shoulder harnesses, and 
t o  requ i re  a l l  occupants o f  seats equipped w i t h  
shoulder harnesses t o  use the shoulder harnesses 
dur ing takeo f f  and landing. This NPRM (73-1) took 
i n t o  considerat ion the e a r l i e r  Nader p e t i t i o n  f o r  
rulemaking t o  improve the crashworthiness o f  sma l l  
a i r c ra f t .  as wel l  as the recmenda t ions  made by 
NTSB for shoulder harnesses and cabin i n t e r i o r  de- 
sign. It was proposed t h a t  Part  23.785 ("Seats, 
berths, sa fe ty  be l ts ,  and harnesses") be amended t o  
r e w i r e  t h a t  "each occupant' must be protected from 
head i n j u r y  (9) by (1) "a sa fe ty  b e l t  and shoulder 
harness" i n  forward-facing seats (2 )  by a safety 
b e l t  and an energy absorbing res t "  i n  a rearward 
facing seat, and (3) by "a sa fe ty  and shoulder har- 




It was proposed t h a t  P a r t  91.7 and 91.14 be 
changed t o  requ i re  each occupant t o  fasten h i s  shoul- 
der harness dur ing takeoff and landing, wh i le  crew- 
members would be required t o  wear the shoulder har- 
ness a t  a l l  times wh i le  a t  t h e i r  stat ions.  Parts 
91.33 and 91.39 would requ i re  shoulder harnesses be 
i n s t a l l e d  where s t r u c t u r a l l y  possible on general 
av fa t i on  a i r c r a f t  manufactured p r i o r  t o  the accept- 
ance o f  the proposed amendment. 
The NTSB responded on March 1973. support ing the 
proposed FAA RPRM. but  urging t h a t  i t  go fu r the r  t o  
requ i re  shoulder harnesses i n  rear-facing seats, and 
t h a t  the requirement f o r  shoulder harnesses be made 
re t roac t i ve  t o  a l l  small c i v i l  airplanes, s i  e 
la rge  number would be exempted as proposed. a - 4 8  
i/ 
In  1974 the FAA issued NPRM 74-5, i n v i t i n g  pro- 
posals for  amending the Federal Av ia t ion  Regulations 
under the airworthiness Review Program. 46 A f i n a l  
r u l e  was published 16 June 1977 (FR 30601) w i t h  I n  
operat ing r u l e  compliance date o f  18 July 1978. 
This amends FAR Part  23 and Part  91, adding require- 
ments for shoulder harnesses and cmpartment i n t e r -  
i o r  design for t he  type c e r t i f i c a t i o n  o f  small a i r -  
planes, and adds an operating r u l e  requ i r i ng  a 
shoulder harness for each f r o n t  seat on l y  I n  c e r t a i n  
newly manufactured small airplanes. 
However. port ions o f  NPRM 73-1 t h a t  were deleted 
by the  FAA dur lng the rulemakfng process would re -  
qu i re  shoulder harnesses a t  a l l  seating pos i t lons  
and be re t roac t i ve  t o  o lder  a i r c r a f t .  This r u l e  
w i l l  not  apply t o  many cur ren t  production a i r c r a f t  
and even many manufactured a f t e r  t h a t  date, s ince 
the date of manufacture i s  the date the inspect ion 
acceptance records r e f l e c t  t h a t  the a i rp lane i s  
complete and meets the FAA approved Type Desfgn 
Data - FAR 9.133(i). 
The FAA argument against r e t r o f i t t i n g  ex i s t i ng  
general av ia t i on  a i r c r a f t  w i t h  shoulder harnesses 
was the content ion t h a t  a "substant ia l  f i nanc ia l  
burden would be placed upon consumers over a short  
(1  year) period of  time. The i n s t a l l a t i o n  of shoul- 
der harnesses on other than f r o n t  seats was re jec ted  
on t h e  content ion t h a t  cabin i n t e r i o r s  can be effec- 
t i v e l y  d signed ("delethal ized") t o  p ro tec t  occu- 
pants. 4F 
L The NTSB has disagreed w i t h  the FAA arguments, 
po in t ing  ou t  t h a t  there i s  "c lear j u s t i f f c a t i o n "  
t h a t  shoulder harnesses should be i n s t a l l e d  i n  o lde r  
a i r c r a f t  and t h a t  they should be i n s t a l l e d  a t  a l l  
seat locat ions.  On 8 Decanber 1977 the NTS6 issued 
Safety Recomhendations A-77-70 and 71 t o  the FAA: 
Amend 14CFR 23.785 t o  requ i re  i n s t a l l a t i o n  of 
approved shoulder harnesses a t  a l l  seat loca- 
t i ons  as ou t l ined  i n  NPRM 73-1. 
P r i o r i t y  Action)(A-77-70) 
(Class I 1  - 
Amend l4CFR 91.33 and .39 t o  requ i re  i n s t a l -  
l a t i o n  of approved shoulder harnesses on a l l  
general av ia t i on  a i r c r a f t  manufactured before 
Ju ly  18. 1978. a f te r  a reasonable lead time, 
and a t  a l l  seat loca t ions  as ou t l ined  i n  
NPRM $4-1 (Class I1 - P r i o r i t y  Action)(A-77- 
71). 
On February 8. 1978. the FAA stated t h a t  it was 
unable t o  j u s t i f y  the NTSB recmenda t ions .  The 
NTSB subni t ted a l e t t e r  t o  the FAA i n  October 25. 
1978, expressing concern about the l e v e l  o f  pro- 
t e c t i o n  provided occupants i n  general av ia t i on  
crashes, and providing informat ion on a p t l o t  e jec- 
t i o n  a t t r i b u t e d  t o  r e s t r a i n t  f i t t i n g  fa i l u re .  Sub- 
sequent correspondence and discussion between the  
FAA and NTSB on t h i s  issue i s  reviewed i n  d e t a i l  
jg fp NTSB Safety Report issued i n  December 1980. 
Crash I n j u r y  Experience 
Early studies of crash f n j u r y  re la t i onsh ips  
dur ing the 1940's by DeHaven c l e a r l y  establisg$d58 
the p ro tec t i ve  r o l e  o f  the shoulder harness, 
although a t  t h a t  t ime the focus of a t t e n t i o n  was on 
f r o n t  seat occupants who frequent ly jackkn i fed  i n t o  
the instrument panel, cont ro l  yoke, or sharp s t ru -  
ctures. In a study o f  t he  patterns o f  i n j u r y  of 
600 survivors o f  l i g h t  a i r c r a f t  accidents, DeHaven 
found t h a t  704 suffered head i n j u r y .  There were 
also 548 i n j u r i e s  t o  the upper torso. s i m i l a r  t o  
fa ta l  pgtterns. due t o  l ack  of support o f  the upper 
torso. 5 Narrow subsequently showed t h a t  head and 
chest i n j u r i e s  were responsible for  37 of 342 
- 
i n j u r i e s  i n  l i g h t  plane accidents. 53 
Pearson found s i m i l a r  r e s u l t s  i n  248 front-seat-  
ed occ ants o f  accidents studied between 1942- 
1952. If[ 0 ur ing  World Uar I1 several m i l i t a r y  
studies (see pp. 154-161. re f .  5) revealed the need 
f o r  a shoulder harness, One study by Lovelace 
showed t h a t  80% o f  those using a shoulder harness 
fn crash landings were unhurt, wh i le  94% o f  those 
not using a shoulder harness were in jured.  A study 
o f  1,536 accidents dur ing three months o f  1943 i n  
the  t r a i n i n g  c m a n d  showed t h a t  the head was i n -  
volved i n  87.5% o f  t he  nonfatal i n j u r i e s .  This 
l e d  t o  a requirement for shoulder harnesses i n  1943 
and standardizat ion o f  the 8-15 shoulder harness 
by the Army A i r  Forces i n  1945. 
913 l i g h t  plane accidents reconmended occupant 
r e s t r a i n t  " to  prevent the  Human to rso  and head from 
impacting i n t e r i o r  s t ruc tu ra l  components.* 61 
385 deaths i n  these accidents i t  was found t h a t  
37.1% occurred i n  s t ruc tu ra l  environments t h a t  sus- 
ta ined r e l a t f v e l y  l f t t l e  damage. F i f t een  years 
l a t e r ,  i n  a 1964 FAA analysis o f  a general av ia t i on  
crash, i n  which a f a t a l i t y  occurred t o  a lap-bel ted 
rea r  seat occupant, Hasbrook concluded t h a t  a "com- 
fo r tab le  shoulder harness should be provided f o r  
rear  seat OccuDants o f  m a l l  a i r c r a f t . "  62 
More recent ly,  i n  a 1966 FAA study 63 C iereb ie j  
and Stedman found 661 head and neck i n j u r i e s  i n  564 
A 1959 study by Hasbrook o f  1596 OCCUpantS O f  
Of 
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fa ta l  general a v i a t i o n  accidents r e s u l t i n g  i n  death 
t o  522 p i l o t s .  
Sihce a l l  crashes invo lve  a t  l e a s t  the  p i l o t ,  
a t t e n t i o n  has remained focused on the need for  
front-seat shoulder r e s t r a i n t ,  and few accident i n -  
j u r y  studies have analyzed the  data i n  a way t h a t  
provides a s i g n i f i c a n t  body o f  impact i n j u r y  i n -  
formation on rear-seat passengers. To date the FAA 
accident repor ts  do not  provide s u f f i c i e n t  medical 
in format ion t o  u t i l i z e  a s t a t i s t i c a l  analys is  o f  
rear-seat i n j u r i e s .  Two sources o f  de ta i led  but 
l a r g e l y  unpublished data ex is t .  The Un ivers i ty  o f  
Michigan has been inves t iga t ing  selected general 
a v i a t i o n  accidents since 1969 for  I n j u r y  mechanisms, 
dur ing which t ime some 1500 accidents have occurred. 
However, support has o been ava i lab le  t o  analyze 
these data t o  date. 6'-b6 A second resource i s  
w i t h i n  the  FAA i t s e l f ,  r e l a t i v e  t o  the  medical and 
tox ico log ica l  studies conducted o f  selected general 
a v i a t i o n  accidents over the  past 15 years. 
l i t t l e  analys is  has been published o f  these data; 
27 cases were de ta i led  i n  1971, 28 and 78 cases 
tabulated i n  the  appendix ("A Sumnary of Select 
General Av ia t ion  Accidents") of  a 1973 repor t .  
In  the  l a t t e r  case 19 o f  the  78 accidents involved 
rear-seated passengers, but  insu f f i c ien t  information 
concerning t h e i r  i n j u r i e s  has been provided i n  the 
published tab les t o  draw conclusions. I n  four  cases 
i n j u r y  t o  rear  passengers was reported as r e s u l t i n g  
from t h e i r  s t r i k i n g  the rear  o f  the  f r o n t  seat, but  
i n j u r y  and f a t a l i t y  causation i s  not  de ta i led  f o r  
others. 
Whether an ind iv idua l  i s  seated i n  a f ront  o r  
r e a r  seat, h i s  kinematic motion i n  response t o  a 
crash impact w i l l  be the  same, given the same con- 
d i t i o n s  o f  r e s t r a i n t .  
the  general a v i a t i o n  a i r c r a f t  occupant dur ing a 
crash, it was found t h a t  with on ly  lap-be l t  r e s t r -  
a i n t  he can contact s t ructures w i t h i n  "the up r 
two-thinds o f  a sphere t e n  feet i n  diameter" as 
the  body f l a i l s  or f lexes forward. 
t h a t  the  rear-seat passenger as wel l  as the f r o n t -  
seat occupant needs upper-torso r e s t r a i n t .  
shown t o  be a l e t h a l  area o f  head impact for  the  
front-seat occupant res t ra ined on ly  by a l a p  be l t ,  
the rear-seat environnent a lso  produces l e t h a l  con- 
t a c t  between the  occupant and structures. The med- 
i c a l  data t o  evaluate the rear-seat impact environ- 
ment i s  present ly too fragmented f o r  precise anal- 
yses o f  the  nature, frequency, and seriousness o f  
I n j u r y  t o  the  rear  passenger. Crash t e s t  data do 
provide c l e a r  documentation o f  the increased pro- 
t e c t i o n  offered the  rear-seat passenger by shoulder 
r e s t r a i n t  systems. 
Crash Test Experience 
However, 
89 
I n  a 1962 study of motion o f  
This showed 
While the  instrument panel area has long been 
Many dynamic crash t e s t s  have permitted compari- 
During the e a r l y  1950's the Nation- 
sons between kinematics o f  front-and rear-seated 
occupants and between lap-be l t  and lap-and-shoulded 
b e l t  r e s t r a i n t .  
a l  Advisory Comnittee for  Aeronautics (NACA) con- 
ducted several dynamic crash t e s t s  a t  the  Lewis 
F l i g h t  Propulsion Laboratory. Th is  resu l ted  i n  
many crashworthiness recomnendatlons r e l a t e d  t o  the 
occupant p ro tec t ion  afforded by upper-torso r e s t r -  
a in ts .  Restrained a n t h r o p o r p h i c  dumnies occupied 
th ree  l i g h t  a i r c r a f t  (5-3 Piper Cubs) which were 
crashed i n t o  a b a r r i e r  a t  42, 47, and 60 mph veloc- 
i t i e s .  The t e s t s  demonstrated conclusively the  
need for  upper-torso r e s t r a i n t  Improved ag$"~ages, 
improved seating, and an improved dumny. One 
conclusion was t h a t  " the rear-seat occupants r e s t r -  
ained by seat b e l t  and shoulder harness are  w i t h i n  
the decelerat ions shown by aercinedical research t o  
be to le rab le"  up t o  crash impacts o f  60 mph (p. 22, 
69). 
On 17 A p r i l  1956, the  NACA held a major confer- 
ence on a i rp lane crash-impact loads, crash i n j u r i e s ,  
and p r i n c i p l e s  of seat design fo r  crashworthlness. 
The accmpanying attendance l i s t  ind icated t h a t  
manufacturers, suppliers, goverment agencies, a i r -  
l i nes ,  and o t  r a v i a t i o n  organizations were wel l  
3 
represented. 9$ 
Major f indings repor ted by the NACA were t h a t  a 
shoulder harness i n  both seats would p ro tec t  the Y 
occupants o f  a t y p i c a l  two-place Piper t r a i n i n g  a i r -  
c r a f t  i n  s t a l l - s p i n  impact speeds up t o  the 60 mph 
tested. I t  was concluded t h a t  wi thout a shoulder 
harness, severe t o  fa ta l  i n j u r y  i s  l i k e l y  (due t o  
head and body s t r i k i n g  s t ructure)  unless an addi- 
t i o n a l  space of 31-45 inches was c l e a r  of any s o l i d  
o r  uny ie ld ing protuberances. 
These conclusions o f  near ly  30 years ago have 
been substantlated i n  the  many crash t e s t s  conducted 
subsequently, inc lud ing t e s t s  a t  the FAA NAFEC 
A t l a n t i c  City f a c i l i t i e s ,  cur ren t  s led studies of 
the  FAA a t  the  C i v i l  Aeromedical I n s t i t u t  (CAMI), 
and the  FAA-NASA crash t e s t s  a t  Langley. 73 Of 
p a r t i c u l a r  importance are  1975 dynamic t e s t s  con- 
ducted a t  C M I  by Chandler. I n  one ser ies a 
shoulder-harness-restrained rear-seat dumny (5 th  
percent i le  female) experienced a 36 peak G impact 
(28 average 6) without fa i lu re .  
of shoulder harness r e s t r a i n t  i n  the rear  seat o f  
general a v i a t i o n  a i r c r a f t  could not  be more c l e a r l y  
documented than by these FAA tests ,  which were 
featured e a r l i e r  t h i s  year i n  a a v i a t i o n  medicine 
e x h i b i t  a t  the  Snithsonian I n s t i t u t i o n  A i r  and Space 
Museum i n  Washington, D.C. An excel lent  analys is  
o f  the  effectiveness o f  a i r c r a f t  r e s t r a i n t s  i n  
a i r c r a f t  occupants i n  comparison t o  au tmo t i ve  
crash environnents has been done by Chandler. l4 
An FAA analys is  of benef i ts  of the  a i r c r a f t  shyylder 
harness was a lso published i n  1972 by S i r k i s .  
3 The effectiveness 
Biomechanical Considerations 
Oata r e s u l t i n g  from crashworthiness inves t iga t -  
ions of surv ivable general a v i a t i o n  a i r c r a f t  acc i -  
dents have c l e a r l y  documented t h a t  serious and f a t a l  
trauma occur most f requent ly  from the  occupants 
jackkni f ing over h i s  l a p  b e l t  and the unprotected 
upper to rso  and head f l a i l i n g  I n  contact  w i t h  the  
a i r c r a f t  instrument panel, controls, o r  other sharp 
FAA's new requirement for shoulder harnesses apply- 
ing  t o  f r o n t  seats only. However, as prev ious ly  
pointed out, most o f  these studies have concentra- 
ted  on the f ront -seat  occupants, and l e s s  i n f o r -  
mation has been i d e n t i f i e d  r e l a t i v e  t o  the  rear-  
seat passengers. 
The rear-seated occupant, wh i le  located w i t h i n  
the same general cabin environnent, I s  subjected t o  
d i f f e r i n g  factors which may in f luence i n j u r y .  In-  
stead of impacting on instrument panel and contro ls ,  
the rear-seated lap-belted occupant may contact the 
seat back (or occupant) ahead, s ide structure, o r  
the  occupant t o  h i s  side. Since there i s  a greater 
distance between the  nose o f  t h e  a i r c r a f t  and the 
nonyielding structure. This has resu l ted  i n  the  c 
J 
f ron t  rnd rea r  occupant seated posi t ions,  as the 
a i r c r a f t  decelerates and s t ruc tu res  col lapse, ab- 
sorbing energy, there usua l l y  i s  l ess  decelerat ive 
loading on the rea r  seat i n  the  l ong i tud ina l  plane 
(a l though 'ver t i ca l  loading may vary f o r  e i t he r  seat). 
While front-seated occupants may experience a higher 
peak loading, a more hazardous impact envirorment, 
and less  l ong i tud ina l  crush distance, the rear -  
seated occupant of ten may be subjected t o  other 
fac to rs  r e q u i r i n g  upper-torso protect ion.  I n  many 
a i r c r a f t  ( for  example the Piper PA-32 Aztec, a l l  
Cessna Twins C-337, 310, and 400 series. and Beech 
Twins) the front-seat r e s t r a i n t s  a re  anchored t o  the 
f l o o r  s t ruc tu re  but  the rear-seat b e l t s  are anchored 
--?- t o  the seats themselves. This usua l l y  provides l ess  
pro tec t ion  t o  the occupant, s ince when a seat f a i l s  
there i s  nothing t o  prevent the  seated occupant from 
becomlng a m iss i l e .  Lap b e l t  r e s t r a i n t  anchorages 
.E should be anchored t o  the f l o o r  s t ruc tu re  unless the 
U 
. seat tie-down has been re in fo rced beyond mlnimum 
FAR requirements. 
spinal  cord a re  p r i m a r i l y  due t o  compression load- 
i n g  ( ra ther  than f l e x i o n  over the  l a p  bel t .  as I s  
general ly thought). I n  such cases the shoulder 
harness can be a s i g n i f i c a n t  f a c t o r  i n  p ro tec t ing  
the  occupant from paraplegla o r  other d i sab l i ng  
vertebral  trauma by keeping the  spine more up r igh t  
dur ing  v e r t i c a l  loading. Spinal i n j u r i e s  have been 
discussed by Pesman and Eiband (1956). and Swear- 
ingen has reported t h a t  "use o f  t he  upper to rso  
r e s t r a i n t  can increase human spinal  to lerance t o  
f rac tu re  by a fac to r  o f  f e by holdlng the spine 
i n  an up r lgh t  posi t ion."  lx 
One fu r ther  biomechanical considerat lon should 
be examined fu r ther .  I n  1967 dynamic tes ts  con- 
ducted a t  General Motors Corporation, and i n  Inde- 
pendent t e s t s  a t  Ford Motor Company, t he  crash dy- 
namics o f  a f ron t -seat  dumny wearing a shoulder 
harness and a rear-seat dummy wearing o n l y  a l a p  
b e l t  showed a time-sequence d i f f e rence  i n  motion 
which allowed the f r o n t  seat (shoulder bel ted) 
OccuDant's head t o  s t a r t  back as the rear-seated 
Ver t i ca l  Pro tec t ion  
rea r  seats have cons is ten t ly  been overlooked. A 
major bene f i t  of a shoulder harness i s  t h a t  dur ing 
a crash i t  d i s t r i b u t e s  the loading on the body s ig-  
n i f i c a n t l y  more than w i t h  a l a p  b e l t  only, and sec- 
ondar i ly ,  i t  keeps the body i n  a bet ter  up r igh t  
seated posture, enabling the occupant t o  t o l e r a t e  
higher impact loading on the spine. 
shoulder r e s t r a i n t  I s  used i n  conjunct ion w i th  a 
l a p  be l t ,  the loads are  d i s t r i b u t e d  between 40 and 
60 percent (depending upon whether a s ing le  o r  
b double b e l t  i s  used, and other factors).  Thls i s .  
if a l a p  b e l t  i s  loaded t o  1000 lbs .  i n  a crash, i t  
would on l y  be loaded t o  between 400 and 600 lbs.  
I f the occupant i s  wearing a shoulder harness. 
provides increased pro tec t ion  by reducing the load- 
i n g  on anchorages, and reduces the chance o f  ex- 
ceeding the r e s t r a i n t  system design l i m i t s .  Put 
another way, shoulder r e s t r a i n t  can double the load 
c a p a b i l i t y  of the t o t a l  system (as wel l  as reducing 
the chance o f  i n j u r y  due t o  the  b e l t  i t s e l f ) .  
Several advantages o f  shoulder r e s t r a i n t s  i n  the 
Most r e s t r a i n t  t e s t s  have shown t h a t  when a 
This 
I n  d i s t r i b u t i n g  the  load over the body t o  a 
greater extent, t he  concentrated loads o f  body con- 
A fur ther hazard for rear-seat occupants, ev i -  
dent i n  a number o f  crashes, i s  d i sab l i ng  spinal  . fractures r e s u l t i n g  p r i m a r i l y  from v e r t i c a l  impact 
loading. Many rea r  seats do not  have the same 
l e v e l  o f  energy-absorbing o r  crashworthiness cap- 
a b i l i t i e s  as f r o n t  seats. That may p a r t l y  explain 
the incidence o f  such I n j u r i e s  t o  rea r  seat passen- 
gers. (A de ta l l ed  discussion o f  cases of paraplegia 
a t t r i b u t e d  t o  rear-seat f a i l u r e s  i s  i n  preparation). 
Even i n  cases where the  d i r e c t i o n  o f  impact loading 
1s p r imar i l y  ve r t i ca l .  :he shoulder harness may 
make a s ign i f i can t  d i f fe rence due t o  res t ra in ing  
the occupant i n  a pos i t i on  i n  which the v e r t i c a l  
U load i s  be t te r  to lerated, I n  t h i s  regard, the more 
f lexed the vertebral  column i s ,  t he  l ess  load i s  
required t o  exceed f rac tu re  tolerances. Most frac- 
tu res  severe enough t o  i n t rude  i n t o  o r  sever the 
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. 
( l a p  bel ted) dumny was s t i l l  f l e x i n g  forward. This 
allowed the rea r  dumny's head t o  c o l l i d e  w i t h  the 
front-seated dummy's head. A t  t h a t  t ime these kine- 
matics were thought t o  be serious enough t o  delay 
the Federal Motor Vehicle Safety Standard requ i r i ng  
a shoulder harness i n  the  front-seat outboard posi-  
t i ons  only.  This was subsequently considered t o  be 
a fluke.'and l a t e r  t e s t s  w i th  high-backed seats and 
headrests reduced the  chance o f  reoccurrence. The 
d l f f e r e n t  cabin dimensions and var iab le  crash kine- 
matics i n  a i r c r a f t  between f r o n t  and rea r  occupants 
as influenced by r e s t r a i n t  should be f u r t h e r  exam- 
ined, and could be another factor in f luenc ing  i n -  
s t a l l a t i o n  and use o f  rea r  shoulder harnesses, es- 
p e c i a l l y  i n  a i r c r a f t  w i t h  r e l a t i v e l y  low seat back 
heights. 
I n s t a l l a t i o n  Problems 
Resistance t o  r e t r o f i t  of shoulder harnesses i n  
o lder  a i r c r a f t  i s  due t o  concern f o r  adequate s t ruc-  
t u r e  t o  a t tach  t o  (which a lso  can adversely a f f e c t  
b e l t  angle on the  body, proper fit, comfort,  and 
convenience fac to rs ) .  Resistance a l so  stems from 
problems the a i r c r a f t  owner i s  subjected t o  i n  
c e r t l f i c a t l o n  requirements. These a re  l e g i t i m a t e  
concerns. 
has no t  published dynamic t e s t  c r i t e r l a  for e i t h e r  
shoulder harnesses or i n e r t i a  ree ls .  
Current FAA regu la t ions  concerning acceptable 
methods, technlques, and prac t ices  of  shoulder har- 
ness i n s t a l l a t i o n s .  e f f e c t i v e  r e s t r a l n t  an les,  and 
a t t  hnent methods were published i n  1967 QAC 43.13- 
2) .y$ Following dynamic tes ts ,  add l t lona l  r e c m -  
mendations f o r  i n s t a l l a t i o n  o f  upper-torso r e s t r a i n t ,  
r e l a t i n g  t o  spec i f i c  l oca t i on  on s t ruc tu res  wi thout 
major a i r f rame modif icat ion, e re  published i n  an 
FAA r e p o r t  by Young i n  1966. 
upper-torso r e s t r a i n t  i n  a i r c r a f t  accidents (7040% 
o f  f a t a l i t i e s  due t o  head i n j u r y ;  50% might have 
been prevented) i s  shown i n  "Restraint  f o r  Survi- 
Val.* an FAA docwentary f i l m  of t he  1964-65 a i r -  
c r a f t  cabin dynamic tes ts  conducted a t  CAM1 by 
Young. upon which the recmenda t ions  were based. 79 
A func t iona l  comparison f basic r e s t r a i n t  systems 
was a l so  made by Young. 80 He pointed ou t  t he  pro- 
t e c t i v e  advantages o f  a double shoulder harness 
system over a s ing le  diagonal upper-torso be l t ;  the 
importance of t he  seat b e l t  anchorage (tie-down) 
which establ ishes the seat b e l t  angle ("a greater 
forward l oca t l on  o f  a tie-down decreases the re -  
Another problem i s  t h a t  t he  FAA c u r r e n t l y  
t a c t  w i t h  s t ruc tu re  a re  avoided o r  may be consider- 
ab l y  reduced. As ind ica ted  i n  the discussion of 
body kinenatlcs, wi thout upper-body r e s t r a i n t  a ten- 
foot arc f o r  f l a i l  has been projected, which i s  
outside the spa t ia l  l i m i t s  of general a v i a t i o n  a i r -  
c r a f t  cabin structures.  
The importance o f  
s t r a i n t  funct ion of a seat b e l t  and can ser ious ly  
compromise t h e  e n t i r e  r e s t r a i n t  system"); and the  
s i g n i f i c a n t  d i f fe rence i n  occupant kinematics a t  
impact when the  occupant i s  res t ra ined by shoulder 
harness and seat ( lap)  b e l t  as compared t o  a l a p  
b e l t  only. 
Most of the  r e t r o f i t  problems can be resolved, 
s ince "there i s  a place on near ly  every a i rp lane 
where you can safely and l e g a l l y  a t tach  a shoulder 
harness." So " t h e o r e t i c a l l y  i t ' s  f a i r l y  easy t o  
r e t r o f i t  shoulder harnesses i n  most airplanes." 25 
Nevertheless, major f a c t o r s  i n  occupant usage de- 
pend upon the  proper fit. comfort, and convenience 
of  the  system. and i n  some a i r c r a f t  r e t r o f i t  may 
present d i f  c u l t i e s .  Other problems are discussed 
by Sircus. f l  
CMlCLUSIONS 
This paper has reviewed cur ren t  data re levant  
t o  the  question of need f o r  shoulder harness pro- 
t e c t i o n  of rear-seated occupants i n  general av ia-  
t i o n  a i r c r a f t .  Some conclusions are: 
1964 NTSB recommendation t o  1978, for  the FAA t o  
r e q u i r e  shoulder harnesses i n  the  f ront  seat posi- 
t i o n s  of newly c e r t i f i e d  general a v i a t i o n  a i r c r a f t .  
With approximately 232,000 a i r c r a f t  i n  the c i v i l  
f leet ,  and an estimated l l f e t i m e  of 20 years for an 
a i r c r a f t .  wi thout some r e t r o a c t i v e  e f fo r t  t o  i n s t a l l  
shoulder harnesses on operational a i r c r a f t ,  It w i l l  
be many years before the  f u l l  ef fect iveness o f  such 
pro tec t ion  may be ava i lab le  under the  cur ren t  FAA 
shoulder harness requirements. 
c r a f t  experience t o  draw upon. Shoulder harnesses 
have been ava i lab le  f o r  rear-seat passengers i n  
Volvos s ince 1964 and Daimler-Benz s ince 1967, and 
t h e i r  use i s  requi red i n  some countr ies. A growing 
number of general a v i a t i o n  a i r c r a f t  have rear-seat 
shoulder harnesses, and t h e  He l io  Courier has had 
them f o r  27 years (10 years before automobiles). 
1940's shows overwhelming l i f e - s a v i n g  benefi ts o f  
the  shoulder harness. Most studies have d e a l t  p r i -  
m a r i l y  w i t h  the  f ront-seat occupants. Current data 
comparing f r o n t -  and rear-occupant crash environ- 
ments, the  nature, incidence, and s e v e r i t y  o f  i n -  
jury, and l a p  b e l t  vs. shoulder-lap r e s t r a i n t  sys- 
tems are  ava i l ab le  from several sources but  a re  
fragmented and have not  been analyzed. 
Crash t e s t  experience has been extensive, 
w i t h  data showing s i g n i f i c a n t  p ro tec t ive  benef i t s  
o f  the  shoulder harness f o r  the  rear-seated occu- 
pant. Head-to-head impact between a f ront -seat  
occupant res t ra ined by shoulder harness w i t h  a lap- 
be l ted  rear-seat occupant i s  possible. 
5. Among biomechanical considerations advan- 
tageous t o  occupants' use o f  the  shoulder harness 
are  4 0 4 0 %  decreased loading on anchorages due t o  
t h e  d i s t r i b u t i o n  o f  load  between l a p  b e l t  and shoul- 
der harness, therefore prov id ing s i g n i f i c a n t l y  i n -  
creased impact protect ion.  
c u l a r l y  for the  rear-seat passenger (s ince the seat 
env i roment  o f t e n  lacks  the  energy absorption and 
s t rength c a p a b i l i t i e s  o f  the  f ron t  seat), i s  t h a t  
1. It required 14 years. frwn the  o r i g i n a l  
2. There i s  a pool o f  both automotive and a i r -  
3. Crash i n j u r y  experience documented since the  
4. 
6. An advantage o f  the  shoulder harness, p a r t i -  
even i n  a v e r t i c a l  impact t h e  spine i s  he ld i n  a 
p o s i t i o n  prov id ing greater ver tebra l  impact t o l e r -  
ance than when the  spine i s  allowed t o  f l e x  forward. 
Use o f  a shoulder harness r e s t r a i n t  could s i g n i f i -  
paraplegic I spina l  i njur i  es . 
i n  r e t r o f i t  i n  o lder  a i r c r a f t ,  must be overcome. 
These inc lude c e r t i f i c a t i o n  d i f f i c u l t i e s  w i t h  the 
FAA, adequate attachment s t ructure,  proper fit, com- 
f o r t ,  and convenience (which might adversely i n f l u -  
ence wear). However, on balance the  Increased pro- 
t e c t i o n  provided the  rear-seat passenger makes 
shoulder harnesses a goal t h a t  should be vigorously 
pursued by the FAA, a i r c r a f t  manufacturers, and 
c a n t l y  decrease the incidence o f  d isab l ing  (and J 
7. Various i n s t a l l a t i o n  problems. p a r t i c u l a r l y  
p i l o t s .  
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